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ﬀ
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p(α) = E(H(F − α)piF (1)).
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E(G |F = α) = E(H(F − α)piF (G))
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E(H(F − α)piF (1)) = 0 
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R
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φδ(x) = φ(x/δ)/δ
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∫ x
−∞ φδ(t) dt
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Φ′δ = φδ
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limδ→0 Φδ(x) =˜
! [0,+∞)(x) = ! (0,+∞)(x) + δ0(x)/2
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E(f(F −Gδ)) =
∫
R
∫
R
f(u− v)φδ(v) dv dP ◦ F−1(u)
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∫
R
f(z)
∫
R
φδ(u− z) dP ◦ F−1(u)dz =
∫
R
f(z)E(φδ(F − z)) dz.
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E(φδ(F − z)) = E(Φ′δ(F − z)) = E(Φδ(F − z)piF (1)),
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∫
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f(z)E(˜! [0,+∞)(F − z)piF (1)) dz.
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E(f(F )) =
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R
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∫
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∫
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∫
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∫
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p(α) = E(H(F − α)piDF (1)).
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f(∆)
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(
f ′1(∆)
g1(∆)
σX
)
= E
(
f1(∆)
(g1(∆)
σX
∆
δ
− ∂∆ g1(∆)
σX
))
= E
(
f(X)
(g(X)
σX
(∆
δ
+ σ
)
− g′(X)
))
.
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s < t
ﬂ"
g : R → R ﬀ 	!	  %ﬃﬂ.8("ﬃﬂ ﬂ.
?ﬃ ﬀ !	 
   %
IP (Xs, g(Xt))
 ?ﬃ< ! ( ﬃ./$

!1%!  $
E(φ′(Xs) g(Xt)) = E(φ(Xs)pis[g](Xt))
ﬃ ﬂ(
φ ∈ C∞b (R)  ﬀ
	!1
pis[g](Xt) = g(Xt)
1
σs(t− s)Xs ∆Ws,t,
&	

∆Ws,t = tWs − sWt + σs(t− s) 
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α > 0 
./!
φ ∈ C1b (R)
$4< !1%ﬂ!
supp(φ′) ⊂ Bε(α) = (α − ε, α + ε)  ﬀ 	!	 ε > 0 
 !
ψ˜ ∈ C1b (R)
$4 !1%ﬂ!
ψ˜
∣∣∣
Bε(α)
= 1
%

E(φ′(Xs) g(Xt)) = E(φ(Xs)pi
ψ˜
s [g](Xt)),
ﬀ
	!1
piψ˜s [g](Xt) =
g(Xt)
σs(t− s)Xs ∆ψ˜Ws,t,
&	

∆ψ˜Ws,t = ψ˜(Xs)
(
tWs − sWt + σs(t− s)
)
+ ψ˜′(Xs)Xs σ s(t− s)
= ψ˜(Xs)∆Ws,t + ψ˜
′(Xs)Xs σ s(t− s).
  %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!	
IPD(Xs, g(Xt))
 "?ﬃ %!#( %ﬃﬂ./3$

ﬀ
	!1
D = Bε(α) 
ﬃ ﬂ( 
α

 		  %
IP (Xs, g(Xt)
∆Ws,t
σs(t−s)Xs
)
 ?ﬃ< ! ( ﬃ./$

!	! $
E
(
φ′(Xs) g(Xt)
∆Ws,t
σs(t− s)Xs
)
= E(φ(Xs)pis[g](Xt))
ﬃﬂ (
φ ∈ C∞b (R)  ﬀ
	!	
p¯is[g](Xt) = g(Xt)
1
σs(t− s)X2s
( (∆Ws,t)2
σs(t− s) + ∆Ws,t −
t
σ
)
.
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(iii)
½mx]a¹w|mokymxa[`}a[rImfhr
(i)
£¸pujhjqpn¡4w§g{iwxfqr}kuxsi_`&aﬀrImoww|fh`&fqjlky
«¬kyjh`&psw|mf
z
a[rImxfl~ﬀkyj²±ﬁmxp}mo]_apur_aWwiwxa
z
£¸put_opnµgfqr
(ii)
º
xpgpu£>pu£
(ii)
º\]_a³ua[{t>pufhrsmpu£mo]_a4jhpg~[kyjhfqªWknmofqpsr£¸puo`6ijhk¥nmx]kymfhwmo]_a£¸puo`6ijhkŁfhr
(ii)
¥uflwmx]kym
φ′ψ˜ = φ′
¥
w|p}mx]Mknm
E
(
φ′(Xs) g(Xt)
)
= E
(
φ′(Xs) ψ˜(Xs) g(Xt)
)
.
dgfqrM~a
Xt = Xs Y
¥_¡f¿mo]
Y = eh(t−s)+σ(Wt−Ws)
fhr
z
aﬀt>aﬀr
z
aﬀrIm4py£
Xs
¥_¡a¹~[kyr¡xfqmxa
E(φ′(Xs) ψ˜(Xs) g(Xt)) = E
(
E(φ′(Xs) ψ˜(Xs) g(y Xs))
∣∣∣
y=Y
)
.
4pn¡¥
Xs = x e
hs+σWs
¥wxp}mx]kym4§I{¢iw|fhr_
(b)
pu£¦2aﬀ`&`/k&_º  _¥vpuraŁ]Mkuw
E(φ′(Xs) ψ˜(Xs) g(y Xs))
= E
(
φ(Xs)
( ψ˜(Xs) g(y Xs)
σXs
(Ws
s
+ σ
)
− ψ˜′(Xs) g(y Xs)− ψ˜(Xs) y g′(y Xs)
))
= E
(
φ(Xs)
( ψ˜(Xs) g(y Xs)
σXs
(Ws
s
+ σ
)
− ψ˜′(Xs) g(y Xs)
))
− E
(
y φ(Xs) ψ˜(Xs) g
′(y Xs)
)
.
Dﬁ{¢iw|fhr_kuskyfhrmo]_afhr
z
aﬀt>aﬀr
z
aﬀr~ﬀa§Maﬀm¡ﬁa[aﬀr
Xs
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z
Y
¥_puraŁ]Mkuw
E(φ′(Xs) ψ˜(Xs) g(Xt))
= E
(
φ(Xs)
( ψ˜(Xs) g(Xt)
σXs
(Ws
s
+ σ
)
− ψ˜′(Xs) g(Xt)
))
− E
(
Y φ(Xs) ψ˜(Xs) g
′(Xt)
)
.
é2é ÔﬂM=N<AN
®b  ﬀ.	.K( ,-ﬂ?ﬁ.	.8	"ﬃL!#!+
¦2amiw~ﬀpurwxf z aﬀŁmx]_awxa[~ﬀpur z k z_z aﬀr z i` py£mx]_a&Wº ]2º w[ºq½¹¡a*¡fhjhjiwxa*mo]_a&fqrImoaﬀuknmofqpsr§g{´tku|mw°£¸puo`6i_jlk
§Mkuwxa z psr
Y
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º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Xs
¥Vpura}~[kyr
¡ofqmxa
E
(
Y φ(Xs) ψ˜(Xs) g
′(Xt)
)
= E
(
E
(
φ(z) ψ˜(z)Y g′(z Y )
)∣∣∣
z=Xs
)
= E
(
φ(z) ψ˜(z)E
(
Y g′(z Y )
)∣∣∣
z=Xs
)
.
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(b)
pu£¦2aﬀ`&`/k}º  ¥vf¿m4]puj z w
E
(
g′(z Y )Y
)
= E
(g(z Y )
z
( Y
σ Y
(Wt −Ws
t− s + σ
)
− 1
))
= E
(g(z Y )
z
Wt −Ws
t− s
)
kur z §I{¢fqrwxaﬀxmxfhr_}mx]fhwfhrmx]_aku§Mpnµsa°aWÃIikyjhf¿m{¢pur_a¹pu§_mokyfhrw
E
(
Y φ(Xs) ψ˜(Xs) g
′(Xt)
)
= E
(
φ(Xs) ψ˜(Xs)
g(Xt)
Xs
Wt −Ws
t− s
)
.
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E(φ′(Xs) ψ˜(Xs) g(Xt))
= E
(
φ(Xs)
( ψ˜(Xs) g(Xt)
σXs
(Ws
s
+ σ
)
− ψ˜′(Xs) g(Xt)
))
− E
(
φ(Xs) ψ˜(Xs)
g(Xt)
Xs
Wt −Ws
t− s
)
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mo]_flw¾flwr_pymxaWkyjhjq{&k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z
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{
kuxsi_`&aﬀrImow[¥Imx]_aw|mokymxa[`}a[rIm£¸psjqjhpn¡4w[º
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(iii)
º  ¼a¡of¿moa¹pur~ﬀa¹kuskufqr
Xt = y Xs
¥
g(Xt) = g(yXs)
kyr
z
∆Ws,t = v(Xs, Xt)
¥_¡]_a[xa
v(Xs, Xt) =
t− s
σ
(
lnXs − lnx− hs+ σ2s
)
− s
σ
(
lnXt − lnXs − h(t− s)
)
.
\]aﬀr§I{
iwxfqr_
(b)
py£¦2aﬀ`&`/k/_º  _¥g¡apu§vmkyfhr
E
(
φ′(Xs − α)g(Xt) ∆Ws,tσs(t−s)Xs
)
= E
(
φ(Xs − α)
[g(Xt) v(Xs, Xt)
σ2s2(t− s)X2s
(Ws + σs)
−Y g′(Xt) v(Xs,Xt)σs(t−s)Xs − g(Xt)
vx(Xs, Xt) + Y vy(Xs, Xt)
σs(t− s)Xs +
g(Xt) v(Xs, Xt)
σs(t− s)X2s
])
Ïﬁpsrwxf
z
a[r_pn¡ mo]_amxa[x` ~purImkyfhr_fqr
g′
¥nmx]kymfhw
E
(
φ(Xs−α)Y g′(Xt) v(Xs,Xt)σs(t−s)Xs
)
½!§g{6~ﬀpur
z
fqmxfhpurfqr_Łw|m
psr
Xs
¥_psr_a¹]kuwmop/aﬀµnkyjhikymxau½
E
(
φ(x − α)Y g′(xY ) v(x, xY )
σs(t− s)x
)
=
φ(x − α)
σs(t− s)x E(Y g
′(xY ) v(x, xY )).
D{oa[~[kyjhjqfhr_6mx]kym
Y = exp(h(t− s) + σ(Wt −Ws)) kyr z §g{iwxfqr&kuskufqr
tkyxm (b) py£¦2aﬀ`&`/k&_º  _¥vpura
]Mkuw
E(Y g′(xY ) v(x, xY )) = E
(g(xY )
x
[Y v(x, xY )
σY
(Wt −Ws
t− s + σ
)
− v(x, xY )− Y vy(x, xY )x
])
= E
( g(xY )
σ(t− s)x v(x, xY ) (Wt −Ws)− Y g(xY ) vy(x, xY )
)
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E
(
φ(Xs − α)Y g′(Xt) v(Xs, Xt)
σs(t− s)Xs
)
= E
(
φ(Xs − α) g(Xt)
σs(t− s)Xs
[ v(Xs, Xt)
σ(t− s)Xs (Wt −Ws)− Y vy(Xs, Xt)
])
.
Dﬁ{6fqrwxaﬀxmxfhr_wxi~]/kŁÃIikurImxfqm{fqr}mo]_aavt_oa[wow|fhpur}ky§>pnµuas¥ywmookufqs]smx£¸puo¡ku z ~pu`&t_i_moknmofqpsrwEkyjhjhpn¡Æmxpps§vmokufqr
E
(
φ′(Xs − α)g(Xt) ∆Ws,tσs(t−s)Xs
)
= −E
(
φ(Xs − α) g(Xt)
σ2s2(t− s)X2s
[v(Xs, Xt)(t− s)(Ws + σs)
−v(Xs, Xt)s(Wt −Ws) + v(Xs, Xt)σs(t− s)− vx(Xs, Xt)σs(t − s)Xs]
)
.
4pn¡¥_wxfqr~ﬀa
vx(Xs, Xt) =
t
σXs
¥pur_a~ﬀkur
oaﬀ¡ofqmxaŁmx]_aku§Mpnµsa°aﬀvt_xaWwxwxfhpur
ksw
E
(
φ′(Xs − α)g(Xt) ∆Ws,t
σs(t− s)Xs
)
= E
(
g(Xt)
φ(Xs − α)
σs(t− s)X2s
[ (∆Ws,t)2
σs(t− s) + ∆Ws,t −
t
σ
])
.
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∂αTs,t[f ](α) = Rs,t[f ](α) = −E
(
f(Xt)
H(Xs − α)
σs(t− s)X2s
[ (∆Ws,t)2
σs(t− s) + ∆Ws,t −
t
σ
])
,
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T
δ
s,t[f ](α) = −E
(
f(Xt)
Hδ(Xs − α)
σs(t− s)Xs ∆Ws,t
)
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Tδs,t[f ](α) → Ts,t[f ](α)
ksw
δ → 0 ¥¨§_ivm6kujhwxp¥2§I{iw|fhr_Æ«¬kujq`&pIwmÀ±¹wmkyr z ku z¼z aﬀrMw|fqm{kyoui_·
`}a[rImow[¥_pur_a~[kyra[kuwxfhjq{¢wx]_pn¡¶mo]knm
lim
δ→0
∂αT
δ
s,t[f ](α) = ∂αTs,t[f ](α).
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dvp¥vjham4iw¡puo³/¡fqmx]
∂αT
δ
s,t[f ](α)
ºﬁ»°r_a]kuw
∂αT
δ
s,t[f ](α) = −E
(
f(Xt)hδ(Xs − α) ∆Ws,t
σs(t− s)Xs
)
.
D{iMw|fhr_&tkyxm
(iii)
pu£oput>pswxfqmxfhpur:_º
®
_¥gpsr_a¹]kuw
∂αT
δ
s,t[f ](α) = −E
(
f(Xt)
Hδ(Xs − α)
σs(t− s)X2s
[ (∆Ws,t)2
σs(t− s) + ∆Ws,t −
t
σ
]
«¬xaW~ﬀkujqjXmo]knm
hδ = H
′
δ
±kur z §g{/mky³gfhr_}mx]_ajhfq`&fqm°kuw
δ → 0 ¥gmo]_aw|moknmoaﬀ`&aﬀrIm£¸pujhjhpn¡4wﬀº
2
:;=<ﬂ<?>+<?> ﬀﬂ ﬂ  @ @¦2am4iw z a[r_pymoa¹£¸pu4wxfq`&t_jhfl~fqm{
F = Xs, G = f(Xt), piF (G) = f(Xt)
1
σs(t− s)Xs ∆Ws,t,
«
®u®
±
wxpmo]knmŁ¡ﬁa}~ﬀkur´¡xfqmxa}w|]puxmxjh{
Ts,t[f ](α) = E(H(F − α)piF (G)) ¥¨¡]_a[xa H(x) = ! x≥0 º\!ku³ua ψ ≥ 0
wxi~]¢mx]kym
∫
R
ψ(t) dt = 1
kur
z
wxam
Ψ(x) =
∫ x
−∞ ψ(t) dt
º¾dvfqr~ﬀaŁmx]_a
IP (F,G)
]_psj
z
w¹«¬xaW~ﬀkyjhjE«
®s®
±ﬁkyr
z
(i)
pu£!oput>pswxfqmxfhpur:_º
®
s±¥vpur_a¹]ksw
E(H(F − α)piF (G)) = E(ψ(F − α)G) − E(ψ(F − α)G) + E(H(F − α)piF (G))
= E(ψ(F − α)G) + E(H(F − α)piF (G))− E(Ψ′(F − α)G)
= E(ψ(F − α)G) + E(H(F − α)piF (G)) − E(Ψ(F − α)piF (G))
= E(ψ(F − α)G) + E((H(F − α) −Ψ(F − α))piF (G)).
EôrMw|a[|mofqr_&r_pn¡Åmx]_a¹aﬀvks~Àm4µnkyjhi_aWw£¸pu
F
¥
G
kur
z
piF (G)
kuwfhr«
®u®
±À¥_psr_a¹pu§vmkyfhrw
Ts,t[f ](α) = E
(
f(Xt)ψ(Xs − α)
)
+ E
(
f(Xt)
(H −Ψ)(Xs − α)
σs(t− s)Xs ∆Ws,t
)
= Tψs,t[f ](α).
Ïﬁpsr~a[xrfqr_
Rs,t
¥_¡aw|aﬀm
F = Xs, G¯ = f(Xt)
1
σs(t− s)Xs ∆Ws,t, piF (G¯) = f(Xt)
1
σs(t− s)X2s
( (∆Ws,t)2
σs(t− s) + ∆Ws,t −
t
σ
)
,
«
®
s±
wxp:mx]Mknm
Rs,t[f ](α) = E(H(F − α)piF (G¯)) º\!ku³ua ψ ≥ 0 wxi~]õmx]Mknm
∫
R
ψ(t) dt = 1
kyr
z
wxam
Ψ(x) =∫ x
−∞ ψ(t) dt
º5D{iwxfqr*mo]_a
IP (F, G¯)
t_xpstMa[|m{/txpnµsa
z
fhr
(iii)
pu£oput>pswxfqmxfhpur:_º
®
_¥gpsr_a¹]kuw
E(H(F − α)piF (G¯)) = E(ψ(F − α) G¯) + E(H(F − α)piF (G¯))− E(Ψ′(F − α) G¯)
= E(ψ(F − α) G¯) + E(H(F − α)piF (G¯)) − E(Ψ(F − α)piF (G¯))
= E(ψ(F − α) G¯) + E((H −Ψ)(F − α)piF (G¯)).
\]a¹~ﬀpur~ﬀjqiMw|fhpur
£¸pujhjqpn¡4w§g{fhrwxaﬀxmxfhr_}mx]_aaﬀ_ku~Àmµnkyjhi_aWw£¸pu
F
¥
G¯
kyr
z
piF (G¯)
kuwfhrÆ«
®
s±Àº
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α
fhw©_va
z
kyr
z
ψ˜(α) = 1
ºﬀEôrk/wm¹wmoaﬀt¨¥Xjham¹iwŁkuwow|i_`&a6mx]_a
w|mxopuruaﬀ°~pur
z
f¿mofqpsr
ψ˜
∣∣∣
Bε(α)
= 1
¥M£¸pu°wxpu`&a
ε > 0
º°\]aﬀr¨¥>§g{iMw|fhr_
(ii)
pu£oput>pswxf¿mofqpsr´_º
®
_¥M¡ﬁa6]kNµua
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mx]kymmo]_a
IPBε(α)(F,G)
t_oput>aﬀxm{&]_puj z w[¥v¡f¿mo]
F = Xs
kyr z
G = Φ(Xt)
¥Mkyr z §I{/iMw|fhr_/¦¨a[`}`/k}_º 6¡a
pu§vmkyfhr
E(Φ(Xt) |Xs = β) =
E
(
H(Xs − β)piψ˜Xs (Φ(Xs))
)
E
(
H(Xs − β)piψ˜Xs(1)
) , £¸pu4kurI{ β ∈ Bε(α), « ® I±
kyr z fhr
tku|mofh~ﬀi_jlky£¸pu
β = α
º
©wow|i_`&arpn¡-mo]knm6¡aiw|m6]kNµsa
ψ˜(α) = 1
º:\]_aﬀrÆ¡a`/kN{¼~ﬀpurw|mxoi~Àm6kÂwxa[ÃIi_a[r~a {ψ˜n}n wxi~]mx]kym
ψ˜n = 1
pur
B1/n(α)
¥
ψ˜n = ψ˜
pur
Bc2/n(α)
kyr z |ψ˜n| ≤ 1 ∧ ψ˜ £¸puŁkyrg{ n º  ¼a*]kNµua ψ˜n(β) → ψ˜(β) £¸ps
kyrg{
β
kyr z
ψ˜′n(β) → ψ˜′(β)
£¸pu6kurI{
β 6= α ºFEÓmmx]_a[rõ£¸pujhjqpn¡4wŁmo]knm piψ˜nXs (Φ(Xs)) → pi
ψ˜
Xs
(Φ(Xs))
kyr z
piψ˜nXs (1) → pi
ψ˜
Xs
(1)
kuw
n → ∞ k_º wﬀºﬁD{´iwxfhr_Â¦¨aﬀ§>a[wxuia  w z pu`&fqrMknmxa z ~ﬀpurgµua[xsaﬀr~ﬀamo]_aﬀpsxa[`¥2pur_a/~ﬀkur
tkuwow°mxp
mx]_a&jhfq`&fqm¹fhr¼mx]_a&avt>a[~moknmofqpsrw°fqrÄ«
®
s±À¥V¡ofqm|mxa[r¼¡fqmx]
ψ˜n
¥2kyr z mxppu§_mokyfhr´mo]_a&µnkyjhf z fqm{Âpy£¹«
®
s±
£¸pu4wxi~]k
ψ˜
º
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¦¨am
X
§>a¹mx]_air
z
aﬀojh{Ifhr_kswxwxamt_ofh~ﬀa¹t_xpv~ﬀa[wowﬀ¥
z
ofhµuaﬀr:§g{/mo]_a Djhks~³kyr
z
dv~]pujha[w`&p
z
aﬀj<¥_f<º asº¾fqm©w|psjqµsa[w
mx]_a¹£¸psjqjhpn¡fqr&w|mxpv~]kswmofh~
z
f/B>a[xa[rImxflkyjVa[ÃIikymxfhpurõ«¬w
z
aW±
dXt = (rˆ − η)Xtdt+ σXtdWt
X0 = x
¡]_aﬀoau½
 x ∈ Rd+

 rˆ, η ∈ Rd ¥>¡fqmx] rˆi = r £¸pu°kyrg{ i = 1, . . . , d ¥M§>aﬀfhr_ r mx]a
«¬~ﬀpurw|mokurIm±wxtMpum©knmxas¥Mkur z ¡f¿mo] η mx]_a
µsa[~Àmopupy£!mx]_a
z
fqµgf
z
aﬀr
z
wpy£mx]_apstvmxfhpur 
 σ
z
aﬀrpymxaWwmx]_a
d× d µspujlknmxfhjhf¿m{`/kymxof¿¢¡]fh~]¡ﬁawxi_t_t>pswxaŁmxp&§>ar_purv· z a[uaﬀraﬀknmxa 
 W
fhw4k
d
·
z
fh`&aﬀrwxfhpurkuj¨~puooaﬀjlknmxa
z
Dopn¡r_fhkur`&pymofqpsr¨º
 ¶f¿mo]_puivmjhpswow}py£Łuaﬀraﬀkyjhf¿m{s¥Epur_aÂ~ﬀkurKwxi_t_t>pswxamx]kym
σ
fhw/kõwxi_§v·<mxofhkur_uijhku*`/knmoxfqV¥Emx]Mknm/fhw
σij = 0
¡]_aﬀr_a[µua[
i < j
¥_kyr
z
mx]kym
W
flwk&w|mokur
z
ky
z
d
·
z
fh`&aﬀrwxfhpurkujDopn¡r_flkyr`&pymofqpsr¨ºE\]giwﬀ¥_kurg{~pu`&t>pur_a[rIm
py£
Xt
~ﬀkyr§>a¡xfqm|moaﬀrÂkuw
X it = xi exp
(
hit+
i∑
j=1
σijW
j
t
)
, i = 1, . . . , d
«
®
bg±
¡]_aﬀoaŁ£¸xps` r_pn¡Åpsr:¡ﬁawxam
hi = ri − ηi − 1
2
i∑
j=1
σ2ij , i = 1, . . . , d.
\]_akyfh` flwmxp/w|mxi
z
{¢mx]_a~ﬀpur
z
f¿mofqpsrkyjVaﬀgt>a[~mokymxfhpur
E(Φ(Xt) |Xs = α)
é2é ÔﬂM=N<AN
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¡]aﬀoa
0 < s < t
¥
α ∈ Rd+
kur z
Φ ∈ Eb(Rd) mo]_a&~jlkuwow©pu£Emx]_a}`&a[kuwxi_ky§_jha£¸i_rM~ÀmxfhpurMw°¡fqmx]¼tMpsjq{gr_ps`&fhkuj
sxpn¡mo]¨¥f<º a |Φ(y)| ≤ C(1 + |y|m) ¥Xfhr´pu z aﬀ4mxp z aﬀofqµsaxa[t_oa[wxaﬀrImokymxfhpur£¸puo`6i_jlkuw©fqr z fq`&a[rw|fhpur d iwxfqr
mo]_apura[wfhr z fh`&aﬀrwxfhpur
d = 1
º
Eôr¹£¸a[¡¼¡pu z w[¥mopmx]_flw¨spskujnf¿m!wxi=J~aWwXmxp4~ﬀpurwxf z aﬀ2kurkyivvfhjqflkyo{4t_opv~a[wow
X˜
¡f¿mo]fqr z aﬀt>aﬀr z aﬀrIm~ﬀpu`&tMpsr_aﬀrImw
£¸ps¡]_fh~]k£¸psx`*i_jlk£¸psﬁmo]_a~psr z fqmxfhpurkuj>aﬀvtMaW~Àmokymxfhpur
fq`&`&a z flknmoaﬀjh{/£¸pujhjhpn¡4wﬁkswk*t_op z i~ÀmWº-Eôrk}wxa[~psr z
w|mxa[t¨¥gw|i~]
k¹£¸puo`6i_jlk~[kyr§>a°k z kytvmoa z mopmx]a°psxfhufhrkyjt_xpv~ﬀa[wow
X
§g{&`}aWkyrw¾py£2kur´«¸fhrIµsaﬀw|fh§_jhaW±E£¸i_r~Àmofqpsr
sfqµgfhr_
X
£¸opu`7mx]_akuivvfqjhflkyo{t_opg~ﬀa[wow
X˜
º  a¡fqjhj z flwo~iwowjlknmxa[mx]_a*~purr_a[~mxfhpurw¡fqmx]:¡]kym4]kuw§>aﬀa[r
z aﬀµua[jqpstMa z fhrmx]_atMkyt>aﬀpy£¦¨fhpurwkur z aﬀsr_fhaﬀ
­q® 

¯Óº
\!p&pui_ti_xt>pswxa[w[¥vjham
`t = (`
1
t , . . . , `
d
t )
§>ak*_va z
C1
£¸i_r~mxfhpurÂkyr z jham4iw4wxam
X˜ it = xi exp
(
hi t+ `
i
t + σiiW
i
t
)
, i = 1, . . . , d
«
®2I
±
¡]fh~]pu§gµgfqpsiwxjq{woknmofhw|a[wmo]_aw z a
dX˜t = (rˆ − η + `′t)X˜tdt+ σ¯X˜tdWt
X˜0 = x
«
®
I±
§>aﬀfhr_
σ¯
mo]_a
z
fhkuupurMkyj`/kymxof¿&¡]_pswxa4a[rsmoxfha[wﬁkyoa4ufhµua[r/§g{
σii
¥
i = 1, . . . , d
ºE©wkMow|m¾oa[wxi_j¿mW¥g¡ﬁa©w|mxi
z
{
k*mookurw£¸psx`/kymxfhpur
kujqjhpn¡fhr_6mop&]kyr
z
jqa¹mo]_ar_aﬀ¡ t_opg~ﬀa[wow
X˜
fhrt_jhks~apu£2mx]apuofqsfqrkujXt_xpv~ﬀa[wow
X
½
ﬁÈ
	 	    
ﬃﬂ0ﬂ(
t ≥ 0 !1%?   $! $ﬀ 4="! ﬃﬂ Ft(·) : Rd+ → Rd+
$4 !	!
Ft
 $	 93$&./ 
Xt = Ft(X˜t) X˜t = F
−1
t (Xt).
:;=<ﬂ<?>A@¦2am
t, `, x
§Ma¹_va
z
º
 
opu` «
®2I
±¾¡a¹]kNµua
W it =
1
σii
(
ln
X˜ it
xi
− hi t− `it
)
.
EôrMw|a[|mofqr_}mo]_fhwfhrÆ«
®
bI±À¥pur_a¹pu§_mokyfhrw
X it = xi exp
(
hit−
i∑
j=1
σij
σjj
(hj t+ `
j
t )
) i∏
j=1
(X˜jt
xj
)σij/σjj
\]giw[¥v§g{¢wxam|mofqr
σ˜ij =
σij
σjj
, i, j = 1, . . . , d.
kur
z
§g{6iwxfqr¹mx]_ar_pumokymxfhpur
ln ξ = (ln ξ1, . . . , ln ξd)
¥s£¸pu
ξ = (ξ1, . . . , ξd) ∈ Rd ¥ymo]_aﬀr Ft = (F 1t , . . . , F dt )
woknmofhw|aWw
lnFt(y) = −σ˜ `t + σ˜ ln y + (I − σ˜)(ln x+ ht)
kur
z
¥v§g{
wxamxmxfhr_
σ̂ = σ˜−1
¥vfqmowfhrgµuaﬀwxa©£¸i_rM~Àmxfhpur:flwufhµua[r¢§g{
lnF−1t (z) = `t + σ̂ ln z + (I − σ̂)(lnx+ ht).
2
¦2amiw4wxi_`&`/kyofqª[aŁ£¸pujlknmxa[iwxa°mo]_at_oaﬀµgfhpuiwoa[wxi_j¿mWº  ¼awxam
σ˜ij =
σij
σjj
, i, j = 1, . . . , d,
kur
z
σ̂ = σ˜−1
«
®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EÓmfhw¡puxmx]¼r_pymofh~ﬀfqr:mx]kym
σ̂
flw¹a[ksw|{ÂmopÂ~pu`&t_i_mxa/§>a[~ﬀkuiwxa
σ˜
flwk
mxofhkur_ui_jlky¹`/knmoxfqVº/ÂpuoaﬀpnµsaﬀW¥
σ̂
flw
f¿mw|a[j¿£mxofhkur_uijhkukur z
σ̂ii = 1
£¸ps4kyrg{
i
ºE\]IiMwﬀ¥gmo]_a¹£¸i_r~mxfhpur
Ft
kur z fqmow4fqrgµua[owxa
Gt = F
−1
t
wxi~]¢mo]knm
Xt = Ft(X˜t)
kur z
X˜t = Gt(Xt)
kyoaŁsfqµsaﬀr
§I{
F it (y) = e
−
P
i
j=1 eσij`jt yi
i−1∏
j=1
( yj
xj
e−hjt
)eσij
, i = 1, . . . , d, y ∈ Rd+
«
®
s±
kyr z
Git(z) = e
`it zi
i−1∏
j=1
( zj
xj
e−hjt
)bσij
, i = 1, . . . , d, z ∈ Rd+.
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 s±
Dﬁ{*iwxfqr_mx]_a4txpv~aWwxw
X˜
¥I`/kyfhr_jh{mx]a£¬ku~mmx]kym¾fqmow¾~ﬀpu`&t>pur_a[rsmwkyoafqr z aﬀt>aﬀr z aﬀrIm[¥g¡a4~ﬀkyr&aWkuwxfqjh{6ps§vmokufqr
k6Mow|m£¸puo`6i_jlk6£¸pumx]a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0 ≤ s < t &<     ﬃ  ( 4="! ﬃﬂ Φ ∈ Eb(Rd)  α ∈ Rd+ 
ﬃﬂ" %3$
E
(
Φ(Xt) |Xs = α
)
=
Ts,t[Φ](α)
Ts,t[1](α)
ﬀ
?
Ts,t[f ](α) = E
(
f(Xt)
d∏
i=1
H(X˜ is − α˜i)
σiis(t− s)X˜ is
∆W is,t
)
«Aus±
&	

X˜s = Gs(Xs)
ﬂ"
α˜ = Gs(α)
­
Gs
&	
F>5"ﬁ	     ¯
 H(ξ) = ! ξ≥0  ξ ∈ R  
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z
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z
fqmxfhpur_fhr_¡º Wº mWºKkujqjmo]_aÂ~pgpu
z
fhrknmoa[w
a_~a[tvm£¸pumo]_a
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
pur_as¥vpur_aŁw|m©kyoxfhµuaWwmop
Rs,t;k[f ](α) = −E
(
f(Xt)
[
ψk(X˜
k
s − α˜k)
∆W ks,t
σkks(t− s)X˜ks
+
+
H(X˜ks − α˜k)−Ψk(X˜ks − α˜k)
σkks(t− s)(X˜ks )2
( (∆W ks,t)2
σkks(t− s) + ∆W
k
s,t −
t
σkk
)]
×
×
d∏
i=1,i6=k
H(X˜ is − α˜i)
σiis(t− s)X˜ is
∆W is,t
])
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0 ≤ s < t  F ∈ Eb 
α ∈ Rd+
ﬂ" ﬃ  (
ψ ∈ Ld  ﬃ03$
E
(
F (Xt)
∣∣∣Xs = α) = Tψs,t[F ](α)
T
ψ
s,t[1](α)
ﬂ"

3$
j = 1, . . . , d,
∂αj E
(
F (Xt)
∣∣∣Xs = α) = j∑
k=1
σ̂kj
α˜k
αj
× R
ψ
s,t;k[F ](α)T
ψ
s,t[1](α) − Tψs,t[F ](α)Rψs,t;k [1](α)
T
ψ
s,t[1](α)
2
,
ﬀ
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T
ψ
s,t[f ](α)
"
R
ψ
s,t;k[f ](α)
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E
(
F (Xt)
∣∣∣Xs = α) = Tψ1s,t[F ](α)
T
ψ2
s,t[1](α)
∂αj E
(
F (Xt)
∣∣∣Xs = α) = j∑
k=1
σ̂kj
α˜k
αj
× R
ψ3
s,t;k[F ](α)T
ψ4
s,t[1](α) − Tψ5s,t[F ](α)Rψ6s,t;k [1](α)
T
ψ7
s,t[1](α)
2
.
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∂αj E(F (Xt) |Xs = α)
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ﬀ
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k = j  ﬀ
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α˜j/αj = e
`js

ﬀ
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¦2amiw4~ﬀpur~ﬀjqi
z
aŁmx]_flw mx]_a[puoamxfl~ﬀkuj Łtkyxm¡f¿mo]:kurkurkyjh{vw|flwpur
mx]a~]_pufl~aŁpy£mx]_ajhpv~ﬀkujqfhªﬀfhr_}£¸i_r~mxfhpurw[º
¦2amiwŁw|m
z
flwo~iwowŁmx]_a&psr_a
z
fq`&a[rw|fhpurMkyjE~ﬀksw|asº D{´oa£¸aﬀoofqr_¢mxpÂ\]_a[puoaﬀ` _º _¥Vfhrõpu
z
aﬀ°mxpÂ~ﬀpu`&t_ivmoa
E(Φ(Xt) |Xs = α) puraŁ]Mkuwmxp/a[µnkyjhiknmoa
T
ψ
s,t[f ](α) = E
(
f(Xt)
[
ψ(Xs − α) + H(Xs − α)−Ψ(Xs − α)
σs(t− s)Xs ∆Ws,t
])
,
¡fqmx]
f = Φ
kur
z
f = 1
º¢dgi~]Ækur¼aﬀgt>a[~mokymxfhpurõfhw¹toks~Àmxfl~ﬀkujqjh{´a[µNkujqiMknmxa
z
§g{¼`}aWkyrw¹pu£ﬁmo]_a/aﬀ`&t_fhofh~[kyj
`&aWkyrpu§vmkyfhr_a
z
mx]_opuiu]`&kurg{fqr
z
aﬀt>aﬀr
z
aﬀrIm4xa[t_jhfh~[knmxfhpurMwﬀ½
T
ψ
s,t[f ](α) '
1
N
N∑
q=1
f(X
(q)
t )
[
ψ(X(q)s − α) +
H(X
(q)
s − α)−Ψ(X(q)s − α)
σs(t− s)X(q)s
∆W
(q)
s,t
]
.
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If1 (ψ) =
∫
R
E
(
f2(Xt)
[
ψ(Xs − α) + H(Xs − α)−Ψ(Xs − α)
σs(t− s)Xs ∆Ws,t
]2)
dα,
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T
ψ
s,t[f ](α) =
Ts,t[f ](α)
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 L1 = {ψ : R → [0,+∞) ; ψ ∈ C1(R), ψ(+∞) = 0 ﬂ"
∫
R
ψ(t) dt = 1},
!	
inf
ψ∈L1
If1 (ψ) = I
f
1 (ψ
∗),
ﬀ
%?
ψ∗ = ψ∗(ξ)  ξ ∈ R   $   "./>+!#(< %6 ?ﬃ&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ψ∗(ξ) =
λ∗
2
e−λ
∗ |ξ|, ﬀ
	!	
λ∗ = λ∗[f ] =
E
(
f2(Xt)
(
1
σs(t−s)Xs
∆Ws,t
)2)
E
(
f2(Xt)
)

1/2
.
: ;=<ﬂ< >A@E¦¨amiw©w|aﬀm
pis,t =
∆Ws,t
σs(t− s)Xs .
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β = Xs − α ¥_psr_a]ksw
If1 (ψ) = E
∫
R
f2(Xt)
(
ψ(β) + (H −Ψ)(β)pis,t
)2
dβ.
4pn¡¥¨wxam
ε ∈ R kyr z jqaﬀm ψˆ ∈ L1(R) wxi~]mx]kym°£¸psŁkurI{´wx`/kyjhj ε mo]_aﬀr ψ + εψˆ ∈ L1 º6dvam|mofqr Ψˆ(x) =∫ x
−∞ ψˆ(t) dt
¥psr_a¹]kuw
(If1 )
′(ψ)(ψˆ) = lim
ε→0
1
ε
(
If1 (ψ + εψˆ)− If1 (ψ)
)
= 2E
∫
R
f2(Xt)
(
ψˆ(β)− Ψˆ(β)pis,t
)(
ψ(β) + (H −Ψ)(β)pis,t
)
dβ.
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ψ∗
flw4mo]_a6psr_jh{
£¸ir~Àmofqpsrfhr L1 w|iM~]Âmx]kym (If1 )′(ψ∗)(ψˆ) = 0
£¸psŁkurg{
ψˆ
wxkymxflw£¸{gfhr_
mx]_aŁ~pur
z
f¿mofqpsrw¾ku§MpnµsauºÏﬁpurwxf
z
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z
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z
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Ψˆ′ = ψˆ
±À¥¡ﬁa~ﬀkur
¡ofqmxa∫
R
ψˆ(β) f2(Xt)
(
ψ(β) + (H −Ψ)(β)pis,t(1)
))
dβ
= Ψˆ(β) f2(Xt)
(
ψ(β) + (H −Ψ)(β)pis,t
)∣∣∣+∞
−∞
−
∫
R
Ψˆ(β) f2(Xt) ∂β
(
ψ(β) + (H −Ψ)(β)pis,t
)
dβ
4pn¡¥wxfqrM~a
Ψˆ(β) → 0 kuw β → −∞ kyr z ψ flw4k:«¬ÃIi_fqmxa6wx`&pgpymx]>±t_xps§ky§fqjhf¿m{ z aﬀrwxfqm{£¸i_r~mxfhpur¨¥>w|p}mo]knm
fqr¼tkyxmxfl~i_jlky
ψ(β) + (H − Ψ)(β) → 0 ksw β → +∞ ¥mo]_a6Mow|m©moaﬀo` rgi_jhjhf¿aWwﬀºŁÂpuoaﬀpnµsaﬀW¥ ∂β
(
ψ(β) +
(H −Ψ)(β)pis,t
)
= ψ′(β)− ψ(β)pis,t £¸pu4kujq`&psw|m4kyrg{ β º\]giw[¥_¡a¹pu§vmkyfhr
(If1 )
′(ψ)(ψˆ) = −2E
∫
R
Ψˆ(β) f2(Xt)
(
ψ′(β) − ψ(β)pis,t + ψ(β)pis,t + (H −Ψ)(β)pi2s,t
)
dβ
= −2
∫
R
Ψˆ(β) E
(
f2(Xt)
(
ψ′(β) + (H −Ψ)(β)pi2s,t
))
dβ.
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(If1 )
′(ψ)(ψˆ) = 0
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ψˆ
f¿£Ekyr
z
psr_jq{¢f¿£
E
(
f2(Xt)
(
(H −Ψ)(β)pi2s,t + ψ′(β)
))
= 0
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β
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a2 =
E(f2(Xt)pi
2
s,t)
E(f2(Xt))
kur z
v(β) = Ψ(β)
¥w|p:mo]knm
v′(β) = ψ(β)
kyr z
v′′(β) = ψ′(β)
º  a/mx]aﬀoa£¸puoa/ku~]_fhaﬀµsa}mx]_a&£¸psjqjhpn¡fqr
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v′′(β)− a2 v(β) + a2H(β) = 0,
¡]pswxa¹wxpujhivmofqpsr
flww|fh`&t_jh{
v(β) =
{
c1 e
aβ + c2 e
−aβ + 1
fq£
β > 0
c3 e
aβ + c4 e
−aβ f¿£ β < 0,
¡fqmx]
c1, . . . , c4 ∈ R kur z a =
√
a2
º 4pn¡¥>§g{:fq`&t>pswxfqr_mx]kym
v(+∞) = 1 ¥ v(−∞) = 0 kyr z v′(β) ]kuw
mop&§Ma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v∗(β) =
{
1− 12 e−aβ
f¿£
β > 0
1
2 e
aβ f¿£ β < 0,
psa[ÃIi_fhµNkujqa[rImxjh{
ψ∗(β) = ∂βv
∗(β) =
a
2
e−a|β|.
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(If1 )
′(ψ∗)(ψˆ) = 0
£¸pukurI{
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ϕ
wxi~]
mx]kym
ψ∗ + ϕ ∈ L1 pur_a¹]ksw
I(ψ∗ + ϕ)− I(ψ∗) = E
∫
R
f2(Xt)(ϕ(β) − Φ(β)pis,t)2 dβ + (If1 )′(ψ∗)(ϕ),
¡]aﬀoa
Φ(x) =
∫ x
−∞
ϕ(z) dz
ºdgfqrM~a
(If1 )
′(ψ∗)(ϕ) = 0
£¸ps4kyrg{
ϕ ∈ L1(R) ¥vmo]_aﬀr
I(ψ∗ + ϕ)− I(ψ∗) = E
∫
R
f2(Xt)(ϕ(β) − Φ(β)pis,t)2 dβ ≥ 0,
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λ∗[1] = x−1 e−hs+σ
2s
√
t+ σ2s(t− s)
σ2s(t− s) .
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λ∗[1] =
1
σs(t− s)E
(
X−2s (∆Ws,t)
2
)1/2
,
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E
(
X−2s (∆Ws,t)
2
)
= x−2e−2hsE
(
e−2σWs
(
(t− s)Ws − s(Wt −Ws) + σs(t− s)
)2)
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= x−2e−2hsE
(
E
(
e−2σWs
(
(t− s)Ws − s y + σs(t− s)
)2)∣∣∣
y=Wt−Ws
)
.
  ﬃ
ﬀ
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E(e−2σWs ) = e2σ
2s
 E(Ws e
−2σWs) = −2σse2σ2s  E(W 2s e−2σWs) = s(1+4σ2s)e2σ
2s

ﬃ" %$
E
(
e−2σWs
(
(t− s)Ws − s y + σs(t− s)
)2)
= e2σ
2s
(
s(t− s)2(1 + 4σ2s) + s2(σ(t− s)− y)2 − 4σs(t− s)(σ(t − s)− y)
)
.
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E
(
X−2s (∆Ws,t)
2
)
= x−2e−2hs+2σ
2ss(t− s)(t+ σ2s(t− s)),
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λ∗[1] = x−1 e−hs+σ
2s
√
t+ σ2s(t− s)
σ2s(t− s) .
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ψˆ ∈ L1(R) w|iM~] mx]Mknm}£¸pu/kyrg{ wx`&kujqj ε mo]_aﬀr ψ + εψˆ ∈ L1 ºZdgamxmxfhr_
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ψˆ(t) dt
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(Jf1 )
′(ψ)(ψˆ) = 2E
∫
R
f2(Xt)
(
ψˆ(β)Θs,t − Ψˆ(β)Υs,t
)(
ψ(β)Θs,t + (H −Ψ)(β)Υs,t
)
dβ.
= −2
∫
R
Ψˆ(β) E
(
f2(Xt)
(
ψ′(β)Θ2s,t + (H −Ψ)(β)Υ2s,t
))
dβ.
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µ∗2 =
E(f2(Xt) Υ
2
s,t)
E(f2(Xt) Θ2s,t)
kyr
z
v(β) = Ψ(β)
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ψ∗(β) = ∂βv(β) = µ
∗ e−µ
∗|β|/2.
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f˜t(y) ≡ f˜(y) = f ◦ Ft(y) ¥ y ∈ Rd+
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(ψˆ1, 0, . . . , 0)
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f˜21 (x1) =
∫
Rd−1
dα˜−1E
(
f˜2(x1, X˜
2
t , . . . , X˜
d
t )
d∏
i=2
[
ψi(X˜
i
s − α˜i) +
(H −Ψi)(X˜ is − α˜i)
σiis(t− s)X˜ is
∆W is,t
]2)
mx]_a[r
Jf ;1d (ψ) =
∫
R
dα˜1 E
(
f˜21 (X˜
1
t )
[
ψ1(X˜
1
s − α˜1)Θs,t;1 + (H −Ψ1)(X˜1s − α˜1)Υs,t;1
]2)
= J
ef1
1 (ψ1).
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ψ∗1(β) =
µ∗1
2
e−µ
∗
1 |β|, β ∈ R,
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E
(
f˜21 (X˜
1
t ) Υ
2
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)
E
(
f˜21 (X˜
1
t ) Θ
2
s,t;1
)
=
∫
Rd−1
dα˜−1E
(
f2(Xt) Υ
2
s,t;1
∏d
i=2
[
ψi(X˜
i
s − α˜i) + (H−Ψi)(
eXis−eαi)
σiis(t−s) eXis
∆W is,t
]2)
∫
Rd−1
dα˜−1E
(
f2(Xt) Θ2s,t;1
∏d
i=2
[
ψi(X˜ is − α˜i) + (H−Ψi)(
eXis−eαi)
σiis(t−s) eXis
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∫
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d
t )
[
ψ1(X˜
1
s − α˜1)Θs,t;1 + (H −Ψ1)(X˜1s − α˜1)Υs,t;1
]2
×
×
d∏
i=3
[
ψi(X˜
i
s − α˜i) +
(H −Ψi)(X˜ is − α˜i)
σiis(t− s)X˜ is
∆W is,t
]2)
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∫
R
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2
t )
[
ψ2(X˜
2
s − α˜2) + (H −Ψ2)(X˜2s − α˜2)
∆W 2s,t
σ22s(t− s)X˜2s
]2)
= I
ef2
1 (ψ2),
¡]aﬀoa
I
ef
1 (·)
fhwmo]_apuraŁ]Mkyr
z
jha
z
fhr¾xpstMpIw|fqmxfhpur
I
º
®
º-D{iwxfqr&wxfh`}fhjlky4kyoui`}a[rImow[¥Ipsr_apu§_mokyfhrw
ψ∗2(β) =
µ∗2
2
e−µ
∗
2 |β|, β ∈ R,
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µ∗2
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E
(
f˜22 (X˜
2
t )
[
∆W 2s,t
σ22s(t−s) eX2s
]2)
E
(
f˜22 (X˜
2
t )
)
=
∫
Rd−1
dα˜−2E
(
f2(Xt) Γ(X˜
1
s − α˜1)2
[
∆W 2s,t
σ22s(t−s) eX2s
]2 ∏d
i=3
[
ψi(X˜
i
s − α˜i) + (H−Ψi)(
eXis−eαi)
σiis(t−s) eXis
∆W is,t
]2)
∫
Rd−1
dα˜−2E
(
f2(Xt)Γ(X˜1s − α˜1)2
∏d
i=3
[
ψi(X˜ is − α˜i) + (H−Ψi)(
eXis−eαi)
σiis(t−s) eXis
∆W is,t
]2)
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Γ(X˜1s − α˜1) ≡ Γψ1(X˜1s − α˜1) = ψ1(X˜1s − α˜1)Θs,t;1 + (H −Ψ1)(X˜1s − α˜1)Υs,t;1
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]Mkuw}mx]Mknm
ψ∗(ξ) =
∏d
j=1 ψ
∗
j (ξj)
¥
ξ = (ξ1, . . . , ξd) ∈ Rd ¥¡f¿mo] ψ∗j (ξj) =
µ∗j
2 e
−µ∗j |ξj |
¥
ξj ∈ R kyr z
µ∗j = µ
∗
j [f ]
¥_kyoa¹ufhµua[r
§g{X½
µ∗1
2 =
∫
Rd−1
dβ−1E
(
f2(Xt) Υ
2
s,t;1
∏d
i=2
[
ψ∗i (βi) +
(H−Ψ∗i )(βi)
σiis(t−s) eXis
∆W is,t
]2)
∫
Rd−1
dβ−1E
(
f2(Xt) Θ2s,t;1
∏d
i=2
[
ψ∗i (βi) +
(H−Ψ∗
i
)(βi)
σiis(t−s) eXis
∆W is,t
]2) kur z £¸pu j = 2, . . . , d :
µ∗j
2 =
∫
Rd−1
dβ−jE
(
f2(Xt) Γ
∗(β1)
2
[
∆W js,t
σjjs(t−s) eXjs
]2 ∏d
i=2,i6=j
[
ψ∗i (βi) +
(H−Ψ∗i )(βi)
σiis(t−s) eXis
∆W is,t
]2)
∫
Rd−1
dβ−jE
(
f2(Xt)Γ∗(β1)2
∏d
i=2,i6=j
[
ψ∗i (βi) +
(H−Ψ∗
i
)(βi)
σiis(t−s) eXis
∆W is,t
]2)
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Γ∗(β1) ≡ Γψ∗1 (β1) = ψ∗1(β1)Θs,t;1 + (H − Ψ∗1)(β1)Υs,t;1
º 4pn¡¥fhr¶pu z aﬀ/mopÆufhµua´kõ`&puoa
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µ∗
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∫
R
(
ψ∗i (βi) +
(H −Ψ∗i )(βi)
σiis(t− s)X˜ is
∆W is,t
)2
dβi =
1
4µ∗i
(
µ∗i
2 +
[ ∆W is,t
σiis(t− s)X˜ is
]2)
,∫
R
Γ∗(β1)
2 dβ1 =
1
4µ∗1
(
µ∗1
2Θ2s,t;1 + Υ
2
s,t;1
)
,
w|p}mx]Mknmmx]a
µ∗
 w]kNµuaŁmop&wxpujhµuaŁmo]_ar_purjqfhr_a[kuw|{vw|mxaﬀ`
µ∗1
2 =
E
(
f2(Xt) Υ
2
s,t;1
∏d
i=2
[
µ∗i
2 +
[
∆W is,t
σiis(t−s) eXis
]2])
E
(
f2(Xt) Θ2s,t;1
∏d
i=2
[
µ∗i
2 +
[
∆W is,t
σiis(t−s) eXis
]2]) kur z £¸pu j = 2, . . . , d :
µ∗j
2 =
E
(
f2(Xt)
(
µ∗1
2Θ2s,t;1 + Υ
2
s,t;1
)[
∆W js,t
σjjs(t−s) eXjs
]2 ∏d
i=2,i6=j
[
µ∗i
2 +
[
∆W is,t
σiis(t−s) eXis
]2])
E
(
f2(Xt)
(
µ∗1
2Θ2s,t;1 + Υ
2
s,t;1
)∏d
i=2,i6=j
[
µ∗i
2 +
[
∆W is,t
σiis(t−s) eXis
]2]) .
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